Abstract Pteroptyx fireflies are commonly reported to congregate in large numbers in mangroves. Not much is known about the relationships between firefly distribution and abundance with specific mangrove vegetation assemblages. We conducted a study to investigate the vegetation assemblages that structure the distribution and abundance of Pteroptyx tener in Peninsular Malaysia. The distribution and abundance of fireflies were assessed along an 8 km stretch of mangroves in Sepetang estuary using visual assessment. Statistical analysis was carried out to test the correlation between length of display section and percentage cover of P. tener colonies and the relationship between percentage cover of fireflies with different vegetation assemblages. Five distinct vegetation assemblages were identified comprising different combination of four mangrove species. It was found that shorter display sections had higher percentage cover of P. tener colonies. In addition, vegetation assemblage which consisting of mainly Sonneratia caseolaris and Nypa fruticans was the most preferred type. The results of this study point to the necessity to consider not only a single mangrove species but the entire vegetation assemblage for firefly conservation.
Introduction
Since ancient times, fireflies have attracted public interest due to their ability to emit lights (Bassot and Polunin 1967; Ballantyne and McLean 1970; Lloyd 1973; Buck and Buck 1976; Herring 1978; Shimomura 2006) . Although they occur in a wide range of habitats, some fireflies are closely associated with mangroves, where their larvae prey on snails in the intertidal zones (Nagelkerken et al. 2008) . These include Pteroptyx spp., which are often found in groups on trees or shrubs in estuarine mangrove swamps (Murray 1982; Motuyang 1995) .
Pteroptyx tener Olivier have been found to congregate on several mangrove species, in particular Sonneratia spp., in Peninsular Malaysian mangrove forests (Nada and Kirton 2004; Ohba and Wong 2004; Zaidi et al. 2006; Kirton et al. 2006; Wan Jusoh 2007) . This supports the earlier observations made by McNae (1968) who found that Sonneratia caseolaris Engl. being the most favoured display trees compared to other mangrove species. Other irregular occurrences of the P. tener species were spotted on other plant species found in or near mangroves such as Hibiscus tiliaceus, Sapium indicum, Metroxylon sagu, Gigantochloa ligulata, Ficus microcarpa, Ficus retusa, Urena lobata, Tetracera indica, Avicennia sp., Durio sp. and Garcinia sp. trees (Ohba and Wong 2004) .
However, little is known about the relationship, if any, between P. tener with mangrove vegetation assemblages. This information is important for conservation and especially when scientific data on these fireflies is still lacking (see Nagelkerken et al. 2008) . Therefore the aim of this study is to investigate the relationship between the abundance of P. tener and the mangrove vegetation assemblages in Sepetang estuary.
Methods
This study was conducted in the Sepetang estuary (N4 50.455 0 E100 38.082 0 ) (Fig. 1) . The salinity level in Sepetang River ranges between 7 and 22 ppt (Chong 2006) . Zaidi et al. (2006) have briefly mentioned that the congregating fireflies, P. tener, in this area congregated on S. caseolaris trees along the Sepetang River.
Our field observations were carried out from December 2006 until February 2007 in three stages. In the first stage, the total distribution length of P. tener along the Sepetang River was recorded by tagging the first and last trees that the fireflies were seen congregating on at night. Repeated night observations were carried out to confirm that the fireflies occupied the distribution length over the study period. Based on the survey, we found that the P. tener display sections occurred along 5.2-13.2 km from the river mouth. In this study, we used ''display section'' to represent a continuous spread of P. tener colony. Along this distance, the P. tener display sections were marked using Global Positioning System (GPS) receiver. Each start and end of a display section was tagged to obtain the length.
In the second stage, we classified the vegetation assemblage within each tagged display section. Pictures of the vegetation assemblage were taken and a sketch map of the vegetation assemblage was also prepared. In the final stage, the relative abundance of fireflies on a display section was estimated using the percentage cover comparison chart (Terry and Chilingar 1955) .
Normally the relative abundance of fireflies on a display section is estimated using sweep netting (Nada and Kirton 2004; Zaidi et al. 2006) but in this study we used a non-destructive estimation method, i.e. percentage cover chart based on firefly flashing. This chart was originally developed for estimating volume percentages of constituents in rocks but it has been widely used by many researchers to estimate vegetation cover, tide pool and percent porosity in sediment (see Reid 1985; Anderson 1986; Carrey et al. 1999; Driese et al. 2001; Warren 2005) . The area occupied by flashing fireflies was quantified by using the following five standard cover classes: 1%-3%, 4%-10%, 11%-25%, 26%-50% and more than 50% (Terry and Chilingar 1955; Warren 2005 ). This technique is used because it is rapid, low-cost and more importantly it does not require any killing of fireflies. To avoid visual bias that may result from different observer's visual acuity or familiarity, the observations were made by three observers who had been trained to use the technique. The distance between an observer on a boat and the display section were set at two meters and the percentage cover of a firefly colony was averaged from three readings. A better technique is to use photographs of firefly flashing. We had tried to capture the images of fireflies at night but this was not successful because our boat was unstable due to the choppy and fast-flowing river water in Sepetang estuary.
For statistical analysis, Spearman's correlation test was used to measure the association between length of display section and percentage cover of P. tener colonies. Kruskal-Wallis mean rank test was used to test differences of the percentage cover occupied by P. tener colonies in different vegetation assemblage types and Mann-Whitney U test further elucidated the differences between sample means.
Results
The distribution length of P. tener along the Sepetang River was measured to be about 8 km. The firefly colonies were observed to occur from the Sonneratia- Table 1 Nypa assemblage in the upstream to the RhizophoraSonneratia assemblages in the downstream area. Along the 8-km distance, we recorded 27 display sections, 20 of which were used for the experimental analysis of vegetation assemblages and fireflies percentage cover (Table 1) . These 20 display sections were selected because they had good firefly flashing synchronicity. The term ''good firefly flashing synchronicity'' represented the large congregation and well synchronized flashing of Pteroptyx fireflies. The percentage cover of fireflies on display sections ranged between 1% and 18% ( Table 1 ). The average percentage cover in this Sepetang estuary was 5%. It was found that in all 20 display sections, the fireflies display their light on a single mangrove species, S. caseolaris. Interestingly, other mangrove species were also found to be present in the display section. These include Rhizophora sp. (Family Rhizhoporaceae), Nypa fruticans Wurmb. (Family Arecacaea: Palmae) and Acrostichum aureum L. (Family Pteridaceae). In total, we could classify five vegetation assemblages associated with the abundance of P. tener (Tables 1 and 2 ). The five vegetation assemblages are as follows: 1. Vegetation Assemblage A (S. caseolaris-Rhizophora) 2. Vegetation Assemblage B (S. caseolaris-N. fruticans) 3. Vegetation Assemblage C (S. caseolaris-Rhizophora-N. fruticans) 4. Vegetation Assemblage D (S. caseolaris-Rhizophora-A. aureum) 5. Vegetation Assemblage E (S. caseolaris-Rhizophora-N. fruticans-A. aureum).
The Spearman test showed that the correlation between length of display section and percentage cover of P. tener colonies is significant at 0.05 level (correlation coefficient =-0.457, p = 0.043 [18] ). The result indicated that the shorter the length of display section, the higher the percentage cover of P. tener colonies.
The experimental analysis of vegetation assemblages and fireflies percentage cover using the Kruskal-Wallis test revealed that the percentage cover of fireflies did not differ by mangrove vegetation assemblage type (chi-square = 5.132, p = 0.274 [4] ). However, Vegetation Assemblage B was found to be higher than other vegetation assemblages in terms of mean ranks (B [ C [ E [ A [ D) . Moreover, S. caseolaris and N. fruticans were found to be present in the first three high mean ranks (B, C and E) whereas in other vegetation assemblages (A and D), the N. fruticans was absent. The Mann-Whitney U test revealed that a difference existed in terms of percentage cover of fireflies between two vegetation groups: 1) S. caseolaris with presence of N. fruticans and 2) S. caseolaris with absent of N. fruticans). It was found that there is a significant difference between the percentage cover of fireflies in group 1 and group 2 (Mann-Whitney U = 15.00, p = 0.044).
Discussion
The results of our study suggested that there was an ecological relationship between P. tener percentage cover and a specific display tree and/or the vegetation assemblage. The shorter display sections had higher percentage cover indicating that smaller area (short distance) was densely occupied by firefly colonies while in the larger area (larger distance) the colonies may spread across the vegetation. The evident preference for S. caseolaris could be due the presence of sugar in the sap of S. caseolaris that is the food source for the fireflies (Ohba and Sim 1994; Pandit and Choudhury 2001; Nallakumar 2002) .
The relationship between firefly abundance and vegetation assemblages could be attributed to more than one factor. Firstly, since the fireflies do not mate on the wings, they use trees as the congregation site for mating (Buck and Buck 1966) . For a tree to be selected as a display tree, we suggest that there are five factors influencing the selection of display trees: 1. The display tree must be located near to the water's edge as it make easier for fireflies to communicate, 2. Leaf arrangement of each display tree must be suitable for mating purposes, 3. If adult fireflies do eat, the display tree must have the nectaries or sap, 4. The display tree must be near to larval prey food plant and 5. The display tree must be in healthy condition.
Secondly, Vegetation Assemblage B (S. caseolaris-N. fruticans) differed significantly from other vegetation assemblage types in terms of P. tener's percentage cover found in it. Difference might also exist not only the fireflies but also to their prey abundance and habitat, i.e. the larvae of P. tener feed on small snails that are commonly found resting under the decomposing palm fronds and leaves (Nada and Kirton 2004) . The firefly life cycle is highly dependent on the mangrove vegetation (Table 3 ). The firefly eggs need moist soil and shaded area such as Rhizophora sp. so that the eggs are not easily damaged when exposed to heat and dryness. Riverside palm trees such as N. fruticans and Metroxylon sagu are important as the food sources for the snail preys that firefly larvae feed on (Nada and Kirton 2004) . We suggest that P. tener larvae and their prey may be more predictive of adult P. tener abundances. This is the missing correlation that needs to be added in future study.
Finally, another explanation is chance (sensu Buck and Buck 1966) , i.e. S. caseolaris happens to be in the study area and in high abundance. It remains to be seen if in other areas that have other dominant species, fireflies would prefer this species or S. caseolaris. This research question is being investigated in another, ongoing study. 
Conclusion
It can be concluded that P. tener preferred S. caseolaris as their display trees in our study area, and that their distribution and abundance also depend on other vegetation such as Rhizophora spp. and N. fruticans. Therefore, this study has revealed the necessity to consider the whole vegetation assemblage in influencing the distribution of fireflies. We suggest that the natural riverside vegetation along Sepetang River should be protected for the long-term survival of fireflies. Durio sp.
Garcinia sp.
